Objective: To describe results in a large series of patients using a recent variation of hypoglossal-facial nerve anastomosis (HFA) in which the intratemporal facial nerve segment is used, obviating the need for a sensory nerve ''jump graft.'' Study Design: Retrospective chart review. Setting: Tertiary neurotologic referral center. Patients: Nineteen patients (12 female/7 male subjects) with facial paralysis because of posterior fossa surgery for tumor (n = 15), Bell's palsy (n = 1), facial neuroma (n = 1), hemangioma (n = 1), and trauma (n = 1) who underwent HFA from 1997 to 2011, with at least 1-year follow-up. Mean age at surgery is 47.4 years (range, 11.2Y83 yr). Mean follow-up is 4.0 years. Intervention: Side-to-end hypoglossal to facial anastomosis with transposition of the intratemporal facial nerve (swingdown HFA). Main Outcome Measure: House-Brackmann (H-B) facial nerve grade.
The surgically created hypoglossal-facial nerve communication is an established method of rehabilitating the paralyzed face. It is used when facial nerve repair or grafting is not feasible. Hypoglossal-facial anastomosis (HFA) can provide facial tone, symmetry at rest and volitional movement with tongue thrusting. Transection of the hypoglossal nerve in end-to-end communication, however, results in paralysis of the ipsilateral tongue musculature, which can lead to dysphagia and dysarthria. It is therefore contraindicated in individuals with lower cranial neuropathies and in patients with an underlying risk of lower cranial neuropathies as in neurofibromatosis Type 2. To avoid hypoglossal paresis, the partial XII to VII with an interposition graft was described (1) . This technique spares paralysis of the ipsilateral tongue musculature by only partially severing the XIIth nerve and using an interposition graft to communicate to the facial nerve. As described by May et al., 5-to 7-cm interposition grafts from the great auricular, cervical cutaneous or sural nerve can provide tension free communication. Similar results to hypoglossal-facial end-to-end neurorraphy are achieved without the associated morbidity of a XIIth cranial nerve deficit.
In cranial base procedures where facial nerve function is lost secondary to pathology or iatrogenic manipulation in the cerebellopontine angle, the intratemporal segment of the facial nerve is generally intact. The additional length of 27 to 33 mm of the intratemporal segment of the facial nerve permits direct XII to VII communication without the need for an interposition graft, as described by Gulya and Schuknecht (2) . In addition to better match in caliber, eliminating the use of an interposition graft prevents the facial or extremity hypoesthesia that can result from sacrifice of the donor sural or great auricular nerve. Moreover, direct anastomosis has the advantage over interposition grafting of regaining more myelinated axons across the reconstruction site, which in turn, has the theoretical advantage of improved mimetic activity (3).
In 1994, Cusimano and Sekhar (4) described this technique without the use of an interposition graft in a patient with a House Brackmann grade III outcome. In 1997, several authors described a single anastomosis technique for hypoglossal reinnervation of the facial nerve (5Y7). This technique involved mobilization of the tympanic and mastoid segment of the facial nerve out of the fallopian canal, removal of the mastoid tip, and mobilization of the nerve within the parotid gland. The proximal segment of the nerve was transposed to the neck. The nerve was anastamosed end to side to the hypoglossal nerve. All 3 series achieved good results with minimal, if any, hypoglossal nerve deficits.
In this series, we present the surgical outcomes of 19 patients undergoing a hypoglossal-facial nerve translocation neurorrhaphy. This represents one of the largest series to date of this technique in the English literature.
METHODS

Subjects
The charts of all patients undergoing partial hypoglossalfacial neurorrhaphy with intratemporal transposition by the first author between 1997 and 2012 were examined for postoperative facial nerve function outcomes [St. Vincent Medical Center institutional review board approval 10-028]. Patients with a minimum follow-up time of 12 months were considered. A total of 19 patients met these criteria. Two additional patients operated during this period were lost to follow-up before 1 year and were not included.
The mean age at facial reconstructive surgery was 47.4 years, ranging from 11.2 to 83 years. The 12 female and 7 male patients had a mean follow-up period of 4.0 years, with a minimum of 1 year and a maximum of 9.5 years. All but 1 patient had a House-Brackmann (H-B) grade VI before reconstruction, with one grade V. Facial paralysis followed posterior fossa tumor resections in 15 patients (8 by translabyrinthine craniotomy and 7 by retrosigmoid/subocccipital craniotomy), with the causes of facial dysfunction being Bell's Palsy, facial neuroma, hemangioma, and trauma in one case each. Of those patients undergoing posterior fossa tumor resections, tumor size was known in 9 patients and averaged 3.9 cm, ranging from 2.7 to 5.5 cm. Sixteen of 19 patients underwent adjunct facial reanimation procedures. H-B facial nerve grade was based on the results of the hypoglossal-facial anastomosis alone, not these adjuctive procedures.
Surgical Technique
A postauricular incision is opened to the level of the periosteum or prior titanium mesh or fat graft. In the former, a periosteal flap is raised to expose the mastoid periosteum, and a mastoidectomy and facial recess approach are completed. In previous translabyrinthine approaches where mesh and or fat have been used to close the defect, these materials are removed to adequately expose the facial nerve. The incus is then removed. The incus can be replaced at the conclusion of the procedure if hearing is present. A facial recess approach is completed, and the horizontal and vertical segment of the facial nerve are decompressed down to the stylomastoid foramen with diamond burs and copious irrigation. The chorda tympani nerve and the tensor tympani are transected to improve mobilization and visualization of the more proximal segments of the facial nerve. The nerve is sharply divided at the geniculate ganglion. The postauricular incision is extended into the neck 2 fingerbreadths below the angle of the mandible. The sternocleidomastoid muscle is separated from the parotid gland. The great auricular nerve, spinal accessory nerve, and carotid and jugular vein are identified and preserved. The posterior belly of the digastric muscle is retracted superiorly to identify the hypoglossal nerve. The facial nerve is then traced through the periosteum of the stylomastoid foramen until the pes anserinus is reached. The facial nerve is brought under the digastric to the hypoglossal nerve. The superior half of the hypoglossal nerve is sharply divided to accommodate the facial nerve stump. The distal end of the facial nerve and proximal end of the hypoglossal nerves are stripped of the epineurium 2 to 3 mm from the cut ends. The ends are freshened sharply and the perineurium is then approximated with two or three 9-0 nylon sutures (Fig. 1) . The wound is closed in layers, and a penrose drain is placed and removed on postoperative Day 1.
Procedures and Data Analysis
Data from the patient charts were entered into an Excel file. Facial nerve outcomes were defined using the H-B facial nerve grade scale (8) . In addition to demographic information, date of birth, date of facial nerve injury, date of HFA surgery, and date of last follow-up were collected and used to compute age at facial nerve injury, age at HFA surgery, time between injury and HFA, and length of follow-up. Data were transferred to a statistical file (SPSS 12.0) for analysis. Both descriptive and inferential statistical analyses were performed, including analysis of variance (ANOVA) with least significant difference post hoc multiple comparison testing, nonparametric Spearman rho correlations, and W 2 for categorical variables or limited ordinal variables. Criterion for statistical significance was set at p e 0.05, two-tailed.
RESULTS
All patients improved from their baseline of H-B grade VI, with a median outcome of H-B grade IV. Seven patients (36.8%) achieved a Grade III result, 9 patients (47.4%) a Grade IV, and 3 patients (15.8%) a Grade V at last follow-up. No patients reported symptoms of dysphagia or dysarthria or showed signs of oral incompetence. One patient complained of weakness on tongue movement on his most recent follow-up. Table 1 examines facial nerve grade at last follow-up by a variety of patient characteristics. H-B Grade was not statistically significantly associated with sex (although all 3 of the grade V results were female subjects), side (right or left), tumor size in those with tumor surgery as cause of injury, or cause of paralysis (not shown). Age at time of the HFA procedure was significantly related to outcome grade (p e 0.049), with pair-wise comparison tests indicating a difference between H-B III (mean age, 37.5 yr) and H-B V (mean age, 68.0 yr) (p e 0.016), whereas H-B IV patients were intermediate in age at injury.
Time elapsed between the facial nerve injury (usually posterior fossa surgery) and the anastomosis procedure seems to play a role in outcome. The large differences in mean number of months from injury to HFA between H-B grade outcome groups was significant (p e 0.02), with the H-B III group having a shorter time interval than either the H-B IV (p e 0.046) or H-B V (p e 0.008) groups. In addition, the statistically significant, moderate-sized, positive correlation between time from injury to repair and facial nerve grade (rho = 0.66, p e 0.002) indicates that time to repair may account for as much as 44% of the variability in results. As Table 1 shows, all 7 patients who achieved an H-B grade III result had surgery within a year of the injury, all actually at 6 months or less, compared with 55.6% and 33.3% of the Grade IV and V groups, respectively.
DISCUSSION
Management of the paralyzed face is a challenging task. Besides the obvious cosmetic disfigurement, there are also deficits related to oral competence and mastication, multiple sensory deficits, and a considerable risk to the eye. Ideal rehabilitation of these patients consists of attaining: 1) symmetry at rest; 2) symmetry with voluntary motion; 3) symmetry with involuntary emotional response; and 4) ocular, nasal, and oral motor control. All of this should be achieved without the loss of function.
Many surgical options exist for the restoration of facial movement in patients with paretic faces. Ideal repair consists of direct nerve repair when a viable proximal and distal stump is available. Sometimes, a cable nerve graft is needed to span the distance between the proximal and distal segments if a tension-free anastomosis cannot be achieved without a nerve graft. There are instances where this type of repair is not feasible, and other techniques must be used, such as cross-facial nerve grafting, nervemuscle transposition (loco-regional and free flap), and crossover motor cranial nerve substitutions.
The first physician to describe hypoglossal-facial anastomosis was Korte in 1901 (9) . The patient achieved some restoration of facial tone and movement, while sacrificing the movement of her tongue. Since then, many surgeons have modified this procedure to lessen the associated tongue morbidity while maintaining functional results. Modifications to the end-to-end anastomosis technique were described by May et al. (1) who used an interposition graft between the hypoglossal and facial nerves in an endto-side manner. This preserved ipsilateral tongue function while maintaining the same functional results that were reported for the end-to-end technique. Another technique described is the split hypoglossal-facial nerve repair, in which a distal segment of the hypoglossal nerve is dissected free of the remaining nerve, which is left in its normal anatomic position. This nerve is then anastomosed end-to-end with the distal facial nerve stump. To date, this technique has had inconsistent results.
More recently, a facial nerve transposition procedure has been described (5Y7). In this procedure, the facial nerve is freed from its intratemporal location and transposed and anastomosed onto the hypoglossal nerve in an end-to-side fashion, similar to the interposition graft technique described by May but without the need for an interposition graft. This is the method preferred by the first author. An anatomic study by Asaoka and colleagues showed the hypoglossal and facial nerve anatomy to be ideal for side-to-end anastomosis (10) . They found the atrophic facial nerve diameter to be nearly 50% of the diameter of the normal hypoglossal nerve diameter, which bodes well for end-to-side anastomosis. They also found the caliber of the myelinated axons of the hypoglossal and facial nerve to be similar (8Y11 and 7Y10 Km, respectively). The previously described work by Gulya and Schuknecht revealed an average length of the tympanic segment to be 12 to 13 mm and the vertical segment to be 15 to 20 mm, with an average combined length of 27 to 33 mm for those 2 segments (2). This gives adequate length to perform a tensionless anastomosis, which is critical for nerve ingrowth and ultimate return of function.
Another important consideration when performing side-to-end anastomosis on the facial to hypoglossal nerve is maintaining tongue function. As the hypoglossal nerve has duel innervation properties to both the tongue and to the strap muscle in the neck (via the ansa hypoglossi), anastomosis of the nerve fascicles contributing to the strap muscle to the facial nerve would be preferable to preserve tongue function. It is our experience that the dorsal hypoglossal nerve contributes more to the ansa hypoglossi, whereas the ventral aspect contributes mostly to the tongue musculature. We attempt to stimulate the hypoglossal nerve at low amplitude on its dorsal and ventral aspects to see if there is preferable stimulation of strap muscle versus tongue to help guide partial hypoglossal nerve section. Our postoperative hypoglossal deficit is typically minimal. In this series, only 1 patient experienced tongue weakness. This was a minor patient complaint as this patient experienced no difficulties with oral competence.
Venail et al. (11) described a similar technique in 12 patients. Included were patients with facial palsy/paralysis ranging from H-B grade V in 5 patients and H-B grade VI in 6 patients. The status of 1 patient was not scored as they had surgery and XII to VII anastomosis at the same surgical setting. At 12-month follow-up, 5 of the 12 patients had Grade IV, and 7 had Grade V. TwentyfourYmonth follow-up showed Grade III and IV outcomes in 6 patients each. Another series by FrancoVidal consisting of 15 patients using the same technique achieved an outcome of Grade III in 73%, Grade IV in 20%, and Grade V in 7%, with an average follow-up time of 57 months (12). Martins et al. have the largest series to date, consisting of 24 patients. Seventeen of those patients achieved a Grade III result (70%), whereas 6 had a Grade IV (25%) and 1 had a Grade V result (4%). Six of their patients developed discrete tongue hemiatrophy, and one had a mild tongue atrophy with deviation of the tongue (13) .
Of the 19 patients who underwent direct side-to-end hypoglossal-facial anastomosis with facial nerve transposition at our institution, all but one had complete facial paralysis (Grade VI) before surgery; 36.8% attained an H-B Grade III result, 47.4% a Grade IV, and 15.8% a Grade V, with an average follow-up time of 4 years. All patients with a Grade V result had cerebellopontine angle masses resected as the cause of their injury. One of the patients with a Grade V result had only a 12-month follow-up examination before being lost to follow-up and may have potentially reached a better ultimate result. The other 2 patients with a Grade V result were older than 80 years. Although it would be interesting to evaluate the period between HFA and the return of first noticeable facial nerve function/tone, this information was not available on most patients.
We used strict facial nerve grading criteria. Although many patients attained full eye closure and mouth movement, many of these same patients had a lack of forehead movement (which is common for patients undergoing this procedure) or varying amounts of asymmetry, precluding advancement in final facial nerve grading. Brudny et al. (14) modified the facial nerve grading system to account for the differences seen in patients undergoing this procedure (mainly the lack of forehead movement and different grades of asymmetry). If these modified criteria were used, our patients may have shown better ultimate outcome grades.
Timing is also a critical factor when considering distal reinnervation procedures. Once Wallerian degeneration occurs, distal axonal remnants undergo phagocytosis. During this process, if distal neuronal axons are not reinnervated, they can undergo fibrosis over a period of months (15, 16) . Similarly, denervated skeletal muscle can undergo fibrosis and atrophyVwhich can be irreversible. Most surgeons advocate reinnervation within 12 to 24 months from injury for best surgical outcomes (17) . In our series, we had a mean time from facial nerve injury to HFA of 8.7 months, with a range of 0 to 29 months. There was a significant relationship between time to HFA and H-B grade achieved. All of those who obtained a Grade III had HFA within a year. However, some patients whose repair was within a year did not achieve as good a result.
One of the advantages of end-to-side HFA is a decreased incidence of problems with oral competence/ dysphagia from tongue weakness and atrophy. Studies have shown that with traditional end-to-end HFA, the incidence of speech difficulties postoperatively ranged from 10 to 43.4%, whereas an average incidence of chewing and swallowing difficulties was 23.5% (18Y21). May and colleagues (1) report a decreased incidence of hypoglossal dysfunction with jump graft technique for HFA. Tongue atrophy, swallowing defect, mastication problems, and speech difficulties were noted in 13%, 4%, 4%, and 4%, respectively, in their series. More recent articles from patient series in which techniques similar to that described in this article were used reported an incidence of hemilingual hypotrophy of 0% to 16.7% (11, 12, 22) . In our series of 19 patients, only one complained of tongue weakness but had no speech, swallowing, or chewing difficulties.
CONCLUSION
Using the intratemporal facial nerve is a safe and effective technique to perform facial reanimation in the correct clinical setting. Decreased hypoglossal deficits and a longer distal facial nerve stump (allowing a more tensionless repair) are advantages over traditional end-toend repair. When compared with HFA with jump graft, a theoretical benefit of this technique allows for a 1-anastomosis neurorrhaphy, with shorter healing time and ultimately shorter time to recovery of facial nerve function, although the current study did not investigate this. Facial nerve outcomes were similar to those reported in the literature regarding HFA. Timing of repair seems to be correlated with ultimate facial nerve grade, with surgery within 12 months of facial paralysis being optimal.
